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Summary

The ability of purified, heat-inactivated hepatitis-B
antigen (HBAg) to stimulate sensitized lymphocytes in
vitro was investigated with the lymphocyte stimulation
test on lymphocytes from three groups of individuals.
Stimulation was minimal in the lymphocytes of two out
of 15 normal controls, whereas lymphocytes from nine
out of 12 patients who had recovered from hepatitis B
showed stimulation, as did lymphocytes from five out of
12 laboratory technicians who had been regularly ex-
posed to HBAg but who had no history of hepatitis or
signs of it in the previous two years. No differences were
observed in the responses to phytohaemagglutinin of
lymphocytes from persons in the three groups. HBAg
and HBAg inactivated by heat were shown in immuno-
diffusion to be immunologically identical. Inactivated
HBAg stimulated antibody production in guinea-pigs.
These findings suggest that not only humoral but also
cell-mediated immunity might be induced by vaccination
with purified, heat-inactivated HBAg.

Introduction

The role of humoral and cell-mediated immunity against
hepatitis-B antigen (HBAg), formerly called Australia antigen or
hepatitis-associated antigen (H.A.A.), in hepatitis B (serum
hepatitis) is not at present clear. In many viral diseases elimina-
tion of the virus depends on intact cell-mediated immunity.
This may also be important in the case of hepatitis B (Dudley
et al., 1972 a). Cell-mediated immunity against HBAg in
patients recovered from acute hepatitis B has been studied with
crude preparations of HBAg (Yeung Laiwah, 1971; Dudley
et al., 1972 b). In vitro lymphocyte stimulation and leucocyte
migration inhibition in the presence of serum containing HBAg
or of liver tissue homogenates, however, might be due to other
antigens. A test for cell-mediated immunity which used purified
HBAg would therefore be preferable.
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Experiments have shown that HBAg-positive serum is
inactivated by heat (Krugman et al., 1970), and that active
immunization with heat-inactivated serum provides some pro-
tection against hepatitis B infection (Soulier et al., 1972;
Krugman and Giles, 1973). But whether the protection is due to
humoral or cell-mediated immunity and whether the cell-
mediated immunity has been induced by the vaccination is
uncertain. We report here our investigations of the antigenic
properties in vitro of purified, heat inactivated HBAg in relation
to humoral and to cell-mediated immunity.

Materials and Methods

In vitro lymphocyte stimulation tests were done on lymphocytes
from three groups of persons seronegative for HBAg. The first
group consisted of 15 persons with no history or signs of
hepatitis (normal controls); the second consisted of 12 patients
who had recovered from acute hepatitis B (the interval between
the disappearance of HBAg from their serum and the stimula-
tion test varied from two to 72 weeks); and the third consisted of
12 laboratory technicians who had been regularly exposed to
HBAg but who had shown no signs of hepatitis during a two-
year period ofmonthly screening for serum alanine transaminase,
serum aspartate transaminase, and HBAg and who had no
history of hepatitis.
HBAg (subtypes ad and ay) was isolated from pooled HBAg-

positive sera by a three-stage method (Houwen et al., 1973).
Sera diluted 1:3 with phosphate-buffered saline were ultra-
centrifuged at 350,000 g for six hours and the pellets resus-
pended and chromatographed on Sepharose 4B. HBAg-
positive fractions were pooled and concentrated. Human serum
proteins were removed from the solution by immunoadsorption,
and shown by immunodiffusion to have been removed. More-
over, this purified HBAg preparation raised a monospecific
antiserum against HBAg in guinea-pigs.
The purified HBAg was heated in a waterbath at 100°C for

3 min. The HBAg titre had decreased by two dilution steps
after the heating, probably owing to some precipitation and
aggregation. HBAg was measured by radioimmunoassay
(Ausria-125, Abbot Lab.). Hepatitis B antibodies (HBAb) were
identified by counterelectrophoresis and reactions of identity by
immunodiffusion.
For the lymphocyte stimulation tests suspensions of lympho-

cyte-monocytes were used which had been isolated from de-
fibrinated blood by Ficoll-Isopaque gradient centrifugation
according to the technique of Boyum (1968). Three hundred
thousand lymphocytes were cultured in 12-75 ifm Falcon tubes
in 1 ml MEM-Eagle with 20%' autologous serum supplemented
with penicillin 100 IU/ml and streptomycin 100 t±g/ml. Cultures
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with phytohaemagglutinin (PHA, Burroughs Wellcome) 5 [lI/ml
were incubated for three days at 37°C with 5% CO, in ambient
air. Cultures with purified, heat-inactivated HBAg and control
cultures without antigen were incubated under the same
conditions for six days. HBAg was used in concentrations of 2,
10, and 50 ,tg protein/ml. Twenty-four hours before harvesting
0-075 1±Ci 14C-thymidine (Radiochemical Centre, Amersham,
specific activity 56 mCi/mmol) was added.
The cells were harvested by filtration through a glass-fibre

filter and washed twice in distilled water. Radioactivity in the
dried filter was measured in a Packard liquid scintillation counter
using 5 ml scintillation fluid and the results were expressed as
disintegrations per minute (d.p.m.) per culture.

Cultures were done in quadruplicate, three for thymidine
incorporation and one for morphological control. The arith-
metical mean and standard deviation were calculated.

Results

Both active and heat-inactivated HBAg raised monospecific
antisera in inoculated guinea-pigs, and both antigens were shown
to be immunologically identical when immunodiffused with
these monospecific antisera. I'
The results of the stimulation tests on lymphocytes from the

three groups of persons are shown (fig. 1) as differences in
d.p.m. between control cultures and cultures with HBAg. In
most cases maximum stimulation by HBAg was found with 10 Fg
protein/ml, but in some cases it was with 50 ,ug protein/ml. Only
the value of the maximum stimulation was recorded. The mean
of the control cultures was 268 ± 175 d.p.m. A difference
greater than 500 d.p.m. between the control cultures and cultures
with HBAg was arbitrarily considered as evidence of stimulation
by HBAg. This correlated roughly with morphological blast
transformation.

dpm
6,000
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No significant differences were found in the results of stimula-
tion by PHA of lymphocytes from the three groups of persons
(fig. 2).

TABLE i-Time Relations of Lymphocyte Stimulation Tests with HBAg
Conversion and HBAb in 12 Patients Recovered from Acute Hepatitis B

Patient Lymphocyte
No. Stimulation Test

with HBAg*

Interval between
HBAg Conversion
and Test (weeks)

HBAb

Before During
Test Test

1 ++ 72
2 + + 48
3 ++ 28 +
4 + + 24
5 + + 8 + -
6 + + 8 + -
7 + + 8 + -
8 ++ 4 +
9 + 2
10 56- -
11 3-
12 2A

*Differences between HBAg-stimulated and control cultures:
+ + = > 1,000 d.p.m. + = 500-1,000 d.p.m. - = <500 d.p.m.

TABLE II-Time Relations of Lymphocyte Stimulation Tests with HBAb in 12
Laboratory Technicians

Laboratory Lymphocyte HBAb
Technician Stimulation Test

No. with HBAg* Before Test During Test

1 +++ + +
2 + + +
3 + -+
4 +
5 +--
6 + +
7 -+
8--
9 _ _10
11 _ _
12 _ _

*Footnote as in table I.
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FIG. 1-Results of in vitro stimulation by HBAg of
lymphocytes from three groups of persons shown as
differences in disintegrations per minute (d.p.m.)
between control cultures and HBAg cultures.

Stimulation was minimal in the lymphocytes of two out of the
15 normal controls. The lymphocytes of nine out of the 12
patients who had recovered from hepatitis B showed stimulation,
and HBAb was present in five before the test and in none during
the test (table I). The lymphocytes of five out of the 12 labo-
ratory technicians showed stimulation, and HBAb was present
in three before the test and in four during the test (table II).

0

I
+

recovered
Controls acute Technicians

hepatitis B
In vitro lymphocyte stimulation by PHA

FIG. 2-Results of in vitro PHA stimulation of
lymphocytes from three groups of persons expressed
in disintegrations per minute (d.p.m.).

Discussion

Cell-mediated immunity against a specific antigen generally
correlates with antigen-induced lymphocyte stimulation. In
lymphocyte cultures both B- and T-lymphocytes will be stimula-
ted by antigens (Vischer, 1972), but mainly the T-lymphocytes
(Roitt et al., 1969). Moreover, lymphocyte stimulation shows

I I I

T1
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the same carrier specificity as delayed hypersensitivity (Oppen-
heim et al., 1967; Senyk et al., 1971).

In-vitro lymphocyte stimulation, which is thought to represent
mainly cell-mediated immunity against HBAg, was shown up to
72 weeks after the last signs of hepatitis in nine of our group of 12
patients who had recovered from the disease. Only five showed
transient antibodies, and in these five an immune response against
HBAg could be shown with in-vitro lymphocyte stimulation
after the HB antibodies had disappeared. Two of the three
patients who showed no stimulation were tested within four
weeks of the disappearance of HBAg from their serum, but in
that interval a cell-mediated immune response may not be
detectable with in-vitro lymphocyte stimulation.
The fact that lymphocyte sensitization as well as antibody

formation were also found in the group of laboratory technicians
shows that a complete immune response can develop after
exposures to HBAg which do not result in an attack of hepatitis.
In two cases antibodies were detected without in-vitro lympho-
cyte stimulation. Perhaps such differences in the immune
response may be related to the dose of HBAg, the subtype, the
mode of transmission, or to genetic factors.
Most proteins lose their ability to induce antibody formation

after heat-denaturation but remain as effective as untreated
proteins in inducing delayed hypersensitivity (Gell and Bena-
cerraf, 1959). Purified HBAg denatured by reduction and
alkylation was found to have lost its ability to induce a humoral
reaction in guinea-pigs but its ability to induce delayed hyper-
sensitivity was unaffected (Vyas et al., 1972). In contrast, we
found that heat-inactivated purified HBAg elicited an antibody
response in guinea-pigs. Moreover, it was found to be immuno-
logically identical to untreated HBAg in immunodiffusion
using monospecific antisera. Krugman and Giles (1973) found

antibodies against HBAg in some people after immunization
with heat-inactivated HBAg-rich serum, while Soulier et al.
(1972) found antibodies in all of seven persons immunized with
a higher dose. In our studies purified, heat-inactivated HBAg
stimulated sensitized lymphocytes in vitro.
These findings suggest that vaccination with purified, heat-

inactivated HBAg might induce not only humoral but also cell-
mediated immunity against serum hepatitis. Further studies are
needed to show whether cell-mediated rather than humoral
immunity against HBAg offers protection against hepatitis B.

Th:s work was supported by a grant from the Netherlands
Kidney Foundation.
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Changes in Antigenic Nature of Lymphocytes Caused by
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Summary

Healthy human lymphocytes were incubated in the
presence of influenza A2/Singapore/57, herpes simplex
type 1, or adenovirus type 2. After two days the cultures
were inactivated by irradiation. Fresh lymphocytes taken
from the same donor were then found to react to the
virus-treated cells in short-term cultures. We suggest
that this reactivity is due to a change in the surface
characteristics of the lymphocytes brought about by the
presence of the virus. This may account for anomalous
reactions in mixed lymphocyte cultures, and a similar
effect in vivo might cause accelerated graft rejection.
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Introduction

Recently we reported unexpected reactivity between the
lymphocytes of two identical twins (Pegrum et al., 1972). At the
time it was noticed that the twin whose cells caused the re-
activity was suffering from a heavy cold. When he recovered no
reaction occurred between these siblings' lymphocytes. This
observation suggested the possibility that the surface antigens on
the stimulating lymphocytes had been altered by the viral
infection. Such a change might account for the observation that
lymphoblastoid cell lines obtained from patients with glandular
fever cause reactivity of the subject's own lymphocytes after
recovery (Steel and Hardy, 1970).
To test this hypothesis further lymphocytes were cultured in

a nutrient medium with three viruses. After incubation cultures
were irradiated and the cells washed. These were then placed in
contact with fresh autologous lymphocytes and the reactivity
was assessed.

Materials and Methods

PREPARATION OF VIRUSES

Influenza A2/Singapore/57 virus was grown at 37°C in the
allantoic fluid of 10-day-old fertile hens' eggs. After three days
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